Doctors' empathy is closely related to patients' health. This study aimed to examine whether patients' stigma and self-efficacy play a mediating role in the relationship between doctors' empathy abilities and patients' cellular immunity in male patients with breast cancer. Material/Methods: Doctors' empathy scores and patients' demographic data, disease condition, stigma, and self-efficacy were measured. Patient T cell subset was tested at admission and 3 months after the operation and was compared by paired t test. The multivariate linear regression model was applied to analyze the factors influencing the immune index. Pearson correlation analysis and structural equation modeling were applied to explore the relationships among patients' stigma, self-efficacy, and cellular immunity and doctors' empathy abilities.
Background
Breast cancer is one of the most common malignant tumors among women, and it poses a serious threat to their health. However, male breast cancer is a rare disease, accounting for approximately 1% of all breast cancer patients. If a man gets breast cancer, the disease is often more serious and the overall survival (OS) is lower than in female patients [1] . For male patients, breast cancer not only harms their bodies and lives but also causes anxiety, depression, stigma, embarrassment, sense of isolation, and other negative emotions [2] . Published research reported male patients have more mental health problems than female patients, for various reasons. First, breast cancer is considered a disease that exclusively affects women, so it is strange for men to have breast cancer [3] . Second, the location of the disease is the breast, which is a secondary sex characteristic of females. The illness focusses attention on the male breasts, so a man may think this will reduce his masculinity. Third, the male breast has an erotic function and the main function of breasts is related to sexual pleasure, but this is often ignored by doctors [4, 5] . So, if a man has breast cancer and receives treatment such as an operation, his sexual pleasure may be negatively affected. Because doctors often ignore this problem, they cannot offer any other intervention, such as reconstruction and psychological intervention [6] . Obviously, this also aggravates the psychological burden and stigma.
At present, mental health surveys and psychological rehabilitation programs for female breast cancer patients are relatively good. However, there has been little research on and psychological intervention for male breast cancer patients focussing on their psychological characteristics [7] . Therefore, more attention should be focused on the psychological health problems of these patients.
Psychoneuroimmunology and psychosocial oncology have become important topics in recent years. Many studies focused on cancer patients' mental health, such as assessment of psychological health and effects of psychological intervention [8, 9] . Some research has confirmed the relationships between mental state and immune function [10] . On this basis, the present study focused on relationships among doctors' empathy abilities and patients' psychology and immunity.
Empathy is one of the most important parts of the clinical medical humanities. It refers to the ability to identify with other people's situations and to respond others' feelings suitably. It is an important social skill and an individual trait that is relatively stable [11] . To medical personnel, the ability to be empathic is not only associated with patient outcomes [12] , quality of care [13] , and patient satisfaction [14] , but is also related to their own professional quality of life [15] .
The present study is innovative and significant in light of the following. First, it integrates psychoneuroimmunology, psychosocial oncology, and clinical medical humanities such as empathy. Second, medical humanities education, such as training in empathy abilities, is lacking in developing countries such as China. This study confirmed the effect of doctors' empathy on the physical and mental health of patients and shows the need for medical personnel to pay attention to patient mental health and to improve their empathy abilities. Third, the study focused on male breast cancer patients, a population that has received insufficient attention.
This study explored the relationships among male breast patients' psychological and immunological indexes and their doctors' empathy abilities in clinical context. In this research, 2 hypotheses are proposed: Hypothesis 1: Doctors' empathy affects patients' cellular immunity directly; and Hypothesis 2: Doctors' empathy affects patients' cellular immunity through the mediating role of patients' stigma and self-efficacy.
Material and Methods

Participants
We enrolled 256 male breast cancer patients treated at 58 hospitals in mainland China between July 2015 and April 2018. Inclusion criteria were: 1) Diagnosed with breast cancer and hospitalized for at least 5 days for surgery and 2) Knew their own diagnosis and gave informed consent for this study. Exclusion criteria were: 1) Underwent radiotherapy, chemotherapy, or Chinese traditional medicine within 3 months before the study began and 2) Severely malnourishment. In this study, 256 doctors were responsible for the treatment. During the hospitalization, doctors and patients had at least 2 indepth conversations focusing on the disease, health education, or mental state. The Peking University Biomedical Ethics Committee approved the study (NO. IRIB00001052-15034).
Procedures
First, on the day of admission (T1), a cross-sectional, anonymous questionnaire covering essential information, disease condition, stigma, and self-efficacy was filled out by the male patients with breast cancer. At T1 and 3 months after the operation (T2), their cellular immunity was measured by collecting blood samples. The doctors' empathy scores were measured when the research started. Second, the patients' cellular immunity at T1 and T2 was compared, and the influences of demography and disease condition on immune indexes at T2 were analyzed. Third, the relationships among the patients' stigma, self-efficacy, and immunity and the doctors' empathy abilities were explored.
Measures
Patient questionnaire
The questionnaire was used to collect information on patient age, marital status, educational background, place of residence, monthly family income per capita, and family relationships. Disease condition, including transfer or not, and staging of disease was completed according to the medical records.
Patient stigma was measured by the Social Impact Scale (SIS). Fife and Wright invented the scale in 2000 [16] . It is a 4-point Likert scale with 24 items. The score of each response ranges from 1 to 4 and the total score of the scale ranges from 4 to 96, with higher scores indicating greater stigma. It consists of 4 dimensions: Social Rejection, Financial Insecurity, Internalized Shame, and Social Isolation. This scale is widely used and has good reliability and validity. In this study, the Chinese version was used [17] . For the 12 questions, each response score ranges from 1 to 9, and the total score ranges from 12 to 108, with higher scores indicating higher self-efficacy [18, 19] .
Patients' cellular immunity
Peripheral venous blood samples were collected between 9 a.m. and 10 a.m. before the questionnaires were filled in order to control for diurnal variation. Patients' cellular immunity tests were completed by the professional staff working at the clinical laboratory of the hospital. T cell subsets, including the percentage of total T cells (CD3+), helper T cells (CD4+), cytotoxic T cells (CD8+), NK cells (CD56+), and B cells (CD19+), were measured. Flow cytometry was used to assess T and NK cell counts with a Cytomics™ FC500 series instrument from Beckman Coulter (USA). Reagents from BD Bio-Engineering Co., Ltd. were used. Cells were fixed in 3% formaldehyde in an isotonic azide-free solution (Beckman Coulter, Luton, UK). Labeled antibodies were added at the recommended concentrations and then cells were washed. Cells were cultured in the dark, and then excess antibodies were washed out.
Doctors' empathy
The Chinese version of the Jefferson Scale of Empathy (JSE) was applied to measure doctors' empathy. The scale was first constructed in 2001 by Hojat et al. to measure empathy abilities of medical staff [20] . The scale consists of 3 dimensions (compassion care, perspective taking, and standing in the patient's shoes). There are 20 items answered on a 7-point Likert scale. Each response is converted to a numerical score ranging from 1 to 7: 1 indicates "Strongly Disagree" and 7 indicates "Strongly Agree" [21] . The total scores on the JSE range from 20 to 140, with higher scores indicating stronger empathy abilities. The JSE has good reliability and validity and is widely used many countries [22] . In this research, the Chinese version of the JSE was used to measure doctors' empathy abilities. This scale has been widely used in Chinese samples [23] .
Statistical analyses
The paired t test was used to compare the immune indices on admission and after 3 months. A multivariate linear regression model was used to analyze the factors influencing the immune index, showing statistically significant differences between T1 and T2. Pearson's correlation analysis was used to preliminarily measure the relationships among patients' stigma, self-efficacy, and immune indexes and the doctors' empathy abilities. In this research, alpha=0.05 and the tests were two-tailed. The above data processing and analysis were carried out using SAS version 9.4 for Windows. Structural equation modeling (SEM) was performed using AMOS version 5 to further explore the relationships among patients' stigma, self-efficacy, and immune index and doctors' empathy. The indices of the model's fit to the data were evaluated with the following statistics: GFI (>0.9), CFI (>0.9), RMSEA (<0.08), and chi-square/df (<2).
Results
Sample
In this research, all the selected doctors agreed to participate. Their median age was 40.21±7.12 years. Three hundred patients received our invitation to participate and 256 patients took part in the research, with a participation rate of 85.55%. The average age of sample patients was (61.10±7.86) years and the average number of hospitalization days was (6.43±0.88) days. Their basic data are shown in Table 1 .
Comparison of cellular immune indices of patients at admission and 3 months after the operation
The comparison of the patients' cellular immune indices at admission and 3 months later is shown in Table 2 . At the 2 time points, the changes in NK subset showed statistically significant differences (P<0.01). Changes in the proportions of CD3, CD4, CD8, and B cells were not significant (P>0.05).
The effect of demographic characteristics and disease condition on the patients' NK activity Table 3 shows the results of the multivariate linear regression analysis. There was a statistically significant difference in NK activity between smokers and non-smokers (P<0.001). This indicates that smoking affects the patients' NK subset.
The relationships among doctors' empathy abilities and patients' stigma, self-efficacy, and NK subset Through Pearson's correlation analysis, the relationships among patients' stigma, self-efficacy, and NK activity and doctors' empathy abilities were explored. The results are shown in Table 4 . Doctors' empathy abilities were negatively correlated with patients' stigma (r=-0.799, P<0.01) and were positively correlated with patients' self-efficacy and NK activity (r=0.726, r=0.641; P<0.01). Patients' stigma was negatively correlated with their self-efficacy and NK activity (r=-0.789; r=-0.719; P<0.01), and their self-efficacy was positively correlated with NK activity (r=0.693; P<0.01). Base on these results, the structural equation model method was used in the next step.
The structural equation model of the relationship among doctors' empathy abilities and patients' stigma, selfefficacy, and NK activity According to the above analysis, a correlation among doctors' empathy abilities and patients' stigma, self-efficacy and NK activity was identified. To further clarify the relationships among these factors, the path analysis method was used to construct multiple intermediary models. The hypotheses were:
(1) Doctors' empathy directly affects patients' NK activity and (2) Patients' stigma and self-efficacy mediate the relationship between doctors' empathy abilities and patients' NK activity. Based on these 2 hypotheses, the structural equation model was constructed. In this model, the path coefficient through which doctors' empathy abilities affect patients' NK activity directly was not significant, indicating that hypothesis 1 was invalid. The final model is shown in Figure 1 .
To investigate the indices of the hypothesis model described above, AMOS software was used. The model fit result was: c Table 5 shows the normalized path coefficient. The path coefficient for the effects of doctors' empathy abilities on patients' stigma was -0.96 and for the effects on patients' selfefficacy, the path coefficient was 0.918. The path coefficient of the effects of patients' stigma on their NK activity was -0.455 and for the effects of patients' self-efficacy on their NK activity, the path coefficient was 0.336. These values were all significant at alpha=0.05.
Bootstrapping was applied to clarify the mediating effect. The confidence interval was set at 95%, and the number of selfsamples was set at 5000. The obtained mediation results are shown in Table 6 . The confidence interval of the path between doctors' empathy abilities and patients' NK activity was 0.071 (95%CI: -0.017, 0.158), and 0 is included. When 0 was not contained in the confidence interval, the mediating effect was significant. The results showed that the confidence interval of the gross effect was 0.328 (95%CI: 0.246, 0.412). Therefore, doctors' empathy abilities affected patients' NK activity through the intermediary factors of patients' stigma and self-efficacy (full mediation). Stigma and self-efficacy played significant intermediary roles and the effects were 0.192 (95%CI: 0.104, 0.297) and 0.137 (95%CI: 0.058, 0.218).
Discussion
When the immune indices of the 2 time points were compared, we found that only the changes in NK subset were statistically significant. The reason for this result needs further exploration in the future. Among demography and disease condition, smoking is an influential factor in the patients' NK subset, which has been confirmed by previous research [24] . This reveals that the patients should quit smoking. Then, the 2 hypotheses on the relationships among patients' stigma, self-efficacy, NK subset and doctors' empathy abilities were tested by path analysis. The results are as follows:
On the one hand, the hypothesis that doctors' empathy abilities affect patients' cellular immunity directly was rejected. This indicates that patients' NK activity cannot be affected by doctors' empathy directly. On the other hand, the hypothesis that doctors' empathy abilities affect patients' cellular immunity through the mediated role of patients' stigma and self-efficacy was accepted. The mechanism of empathy affecting the patients' immunity can be explained as the following 2 steps. First, doctors' empathy abilities affected patients' self-efficacy and stigma directly. Second, patients' stigma and self-efficacy affected their NK subset directly.
At the first step, results showed doctors' empathy abilities were negatively related to patients' stigma and positively related to patients' self-efficacy. Several studies have confirmed the importance of medical personnel's empathy to patients' mental health. For instance, Weiss found that responding empathically helped reduce the anxiety of patients [25] . Flickinger found that the empathy of doctors was related to the self-efficacy of AIDS patients [26] . This phenomenon can be explained as follows: (1) Male breast cancer patients often bear huge psychological burdens and hope to have others' understanding and support. Doctors with strong empathy abilities are more willing to listen and respect the narration of patients, and to respond to them in the process of conversation [27] . In the narrative, confiding itself is a way to release pressure for the patients, which helps reduce the stigma and improve self-efficacy. On the other hand, doctors with strong empathy abilities and narrative abilities can help patients promote acceptance on the disease and excavate the significance of disease, which may improve the mental health of the patients [28] . (2) With empathy, it is easy to carry out high-quality targeted health education. Doctors with strong empathy abilities can understand the patients' situation and characteristics and propose appropriate health education suggestions to them. Therefore, patients have greater compliance and faster postoperative recovery. With the recovery of the body, their mental state will be better [29] . (3) Patients can get more targeted psychological counseling and humane care from doctors with strong empathy abilities. Through full empathy, doctors can stand in the patients' shoes to understand their feelings, such as fear and stigma, so they can comfort and help the patients better [30] . They will also make some suggestions about the psychosocial needs of patients. For example, they can ask social workers, psychologists, or the patient's family members to participate in the treatment and rehabilitation. Therefore, patients will gain more social support and social capital, which may help them relieve the stigma and improve their self-efficacy [31] . (4) Empathy promotes shared decision-making and patient-centered care [32, 33] . This is a manifestation of respect for the patient's autonomy and can improve their sense of dignity. Thus, patients will feel less stigma and develop more self-efficacy.
At the second step, patients' stigma and self-efficacy affecting their NK subset was confirmed. The NK subset was negatively associated with stigma and was positively associated with selfefficacy. The relationship between mental state and immunity has been confirmed by many psychoneuroimmunology studies [34] . Table 6 . Bootstrap indirect effects analysis of nonparametric ratios.
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The impact mechanism includes the HPA axis and sympathetic nervous system [35, 36] . Therefore, in this research, as a negative emotion, stigma may make the NK subset decline, while self-efficacy is a positive emotion which may make the NK subset rise.
Previous studies have also supported the impact of empathy on physical parameters of patients. For example, Hojat et al. confirmed that physicians' empathy helps diabetic patients have good control of hemoglobin A1c and LDL-C levels [37] and reduce disease complications [38] . These conclusions suggest that it is important to improve empathy abilities of medical personnel through multiple ways. It is also necessary to integrate empathy education into medical education, including school education and continuing education. Narrative medicine courses may be suitable and effective [39] . The finding that patient stigma and self-efficacy play a mediated role in the relationship between doctors' empathy abilities and patients' NK subset shows that targeted health education focusing on reducing patients' stigma and improving their self-efficacy should be carried out. Also, health education should be extended to the family members of the patients. In this way, the patients will get more social support, and their physical and mental health will be better.
Another finding was that patients' stigma affected their NK subset more than their self-efficacy did. Additionally, doctors' empathy abilities affected patients' stigma more than their self-efficacy. As stated earlier, since the breast is a male sexual organ and this is often denied by doctors, patients may have more stigma, which may affect their cellular immunity. This reminds us that patients are sensitive to stigma, and doctors themselves should have a more scientific and objective understanding of male breast cancer. On this basis, they can give patients more care, understanding, and love.
There are limitations to this study. First, the human immune system is reexamined, and immune function is influenced by many factors. This study does not cover all possible factors. Second, in this study, the measurement of empathy ability of doctors comes from the perspective of doctors (their self-assessment questionnaire). The measurement of empathy abilities should be combined with more objective evidence.
Third, this study only selected 2 time points. A longer cohort study should be performed in the future.
Conclusions
This research confirms that doctors' empathy abilities affect patients' psychological parameters and immunity. Male breast cancer patients' stigma and self-efficacy play a mediating role in the impact of doctors' empathy on patients' immune function. This reveals that the mental health of male breast cancer patients needs more attention, as does empathy training for medical personnel.
